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Heats, Equilibrium Constants, and Free Energies of 
Formation of Cyclopentene and Cyclohexene 1 

By Morton B. Epstein, 2 Kenneth S. Pitzer, 3 and Frederick D. Rossini 4 

For cyclopentene and cyclohexene, values are presented for the following thermody- 
namic properties to 1,500° K: heat-content function, free-energy function, entropy, heat 
content, heat capacity, heat of formation from the elements, free energy of formation from 
the elements, and logarithm of the equilibrium constant of formation from the elements. 
Equilibrium constants are given in graphical form for some reactions of isomerization, 
dehydrogenation, and disproportionation. 



As part of the work of the American Petroleum 
Institute Research Project 44 at the National 
Bureau of Standards and the University of 
California, values have been compiled for the 
thermodynamic properties in the gaseous state 
to 1,500° K of the heat-content function, free- 
energy function, entropy, heat content, heat 
capacity, heat of formation, free energy of forma- 
tion, and logarithm of the equilibrium constant 
of formation for cyclopentene and cyclohexene. 
Calculations have also been made of the free 
energies and equilibrium constants of a number 
of reactions involving isomerization, dehydro- 
genation, and disproportionation of these com- 
pounds. 

The values of the constants used in the present 
calculations are as follows [1,2] 5 : The calorie is 
the conventional thermochemical calorie defined 
as 4.1840 absolute joules; the absolute temper- 
ature of the ice point is 273.16 ±0.010° K; the 
gas constant is 1.98719 ±0.00013 cal/deg mole. 

For cyclopentene and cyclohexene, the values 
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of the heat-content function, free-energy function, 
and heat capacity were taken from reference [3]. 
As usual, the value of the entropy is given by the 
value of the heat-content function less the value 
of the free-energy function, and the heat content 
is obtained by multiplying the value of the heat- 
content function by the temperature. 

The resulting values of the thermodynamic 
functions are given in table 1, which includes 
values of the following properties from 0° to 
1,500° K: heat-content function, free-energy 
function, entropy, heat content, and heat capacity. 

Values of the standard heat of formation at 
25° C of gaseous cyclopentene and cyclohexene, 
from carbon (solid, graphite) and hydrogen 
(gaseous), were calculated from the values for the 
standard heat of formation for the liquid state cal- 
culated by Prosen, Yenchius, and Rossini [4] from 
experimental values for the heats of combustion, 
together with values for the standard heat of 
vaporization calculated by Wagman and Rossini 
[6] from vapor pressure data of Forziati and Ros- 
sini [7]. The values for the standard heat of forma- 
tion from the elements, at 25° C, AH/ , from refer- 
ence [4] are as follows: Cyclopentene (liquid), 
1.16 ±0.16 kcal/mole; cyclohexene (liquid), —9.70 
± 0.19 kcal/mole. The values for the standard 
heat of vaporization at 25° C, AHv°, from reference 
[6], are as follows: cyclopentene, 6.71 ±0.07 
kcal/mole; cyclohexene, 8.00 ±0.08 kcal/mole. 
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Table 1. — Values of the thermodynamic functions, for the ideal gas state, to 1,500° K, for cyclopentene and cyclohexene 
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Free-energy function, (F°—Eq)/T, in cal/deg mole 
















-53.37 
-55.43 


-57.62 
-60.29 


-57.69 
-60.38 


-61.37 
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63.43 
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108. 09 


100. 03 
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Heat of formation, AHf°, in kcal/mole 


7.05 
-2.24 


3.14 
-7.44 


1.16 
-9.70 


1.12 
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-0.74 
-11.69 


-2.28 
-13.21 


-3.51 
-14.35 


-4.49 
-15.18 


-5.22 
-15.74 


-5.75 
-16.07 


-6.09 
-16.19 


-6.29 
-16.14 
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-6.35 
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Free energy of formation, AFf° in kcal/mole 
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33.41 
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Logarithm of equilibrium constant of formation, logio Kf 
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-14.491 
-12.548 


-14.487 
-12.592 


-14,439 
-14.533 


-14.602 
-15.892 


-14.811 
-16.895 


-15.019 
-17.664 


-15.206 
- 18. 266 


-15.374 
-18.750 


-15.519 
-19.143 


-15.642 

-19.462 


-15.746 
-19.727 


-15.837 
-19.951 


-15.909 
-20. 136 


-15.975 
-20.294 



The method of calculating values of the standard 
heat of formation, the standard free energy of 
formation, and the logarithm of the equilibrium 
constant of formation for the different tempera- 
tures in the range 0° to 1,500° K is the same as that 
described in section IV, 1 of reference [5]. 

The resulting values for the formation of the 
given hydrocarbon in the gaseous state, from the 
elements carbon (solid, graphite) and hydrogen 
(gaseous), each in its thermodynamic standard 
reference state, are included in table 1, which gives 
values of the following properties to 1,500° K: heat 
of formation, free energy of formation, and loga- 
rithm of the equilibrium constant of formation. 
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Figure 1. Dehydrogenation of cycloparaffinstocycloolefins. 

The curves give the logarithm of the equilibrium constant as a function 
of temperature for the following reactions in the gaseous state: 

C5H10 (gas, cyclopentane) = C5H8 (gas, cyclopentene)+H2 (gas). 

C6H12 (gas, cyclohexane) = CeHio (gas, cyclohexene)-fH2 (gas). 



In figure 1 are plotted, as a function of tem- 
perature, values of the logarithm of the equilibrium 
constant for the reactions of dehydrogenation of 
cyclopentane to cyclopentene and of cyclohexane 
to cyclohexene. 
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Figure 2. Dehydrogenation of cyclohexene to benzene and 
disproportionation of cyclohexene to benzene and cyclo- 
hexane. 

The curves give the logarithm of the equilibrium constant as a function 
of temperature for the following reactions in the gaseous state: 

CeHio (gas, cyclohexene) = CoHo (gas, benzene) +2H2 (gas). 

3CeHio (gas, cyclohexene) = CeHe (gas, benzene) 4-2CeHi2 (gas, cyclohexane). 

In figure 2 are plotted, as a function of tempera- 
ture, values of the logarithm of the equilibrium 
constant for the dehydrogenation of cyclohexene 
to benzene and for the disproportionation of cyclo- 
hexene to cyclohexane and benzene. 

In figure 3 are plotted, as a function of tempera- 
ture, values of the logarithm of the equilibrium 
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Figure 3. Isomerization of cycloolefins to diolefins and to 
acetylenes. 

The curves give the logarithm of the equilibrium constant as a function of 
temperature for the following reactions in the gaseous state: 

(A) C5H8 (gas, cyclopentene) = C5H8 (gas, l-£r«m$-3-pentadiene) . 

(B) C5H8 (gas, cyclopentene) = C5H8 (gas, 1-pentyne). 

(C) C6H10 (gas, cyclohexene) = C6Hio (gas, 1-hexyne). 



constant for the isomerization of cyclopentene to 
1-pentyne, of cyclopentene to l-£rans-3-penta- 
diene, and of cyclohexene to 1-hexyne. 
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